Background. The aim of this study was to identify the frequently diagnosed pediatric diseases in the Volta Region of Ghana, as well as to examine the burden of these diseases. The top pediatric diseases that were frequently diagnosed were malaria, gastroenteritis, systemic infection, anemia, pneumonia, and respiratory tract infection. Methods. Clearance was obtained from the Volta Regional Directorate of the Ghana Health Service to collect primary data on pediatric hospitalizations in the major hospitals in the Region. Diseases with more than 1000 recorded cases of hospitalizations were considered among the top frequently diagnosed childhood morbidities. Results. The data suggest that the Northern sector had different seasonal patterns of recorded diagnosed pediatric cases compared with the Central and Southern sectors, which had similar patterns of the reported diseases. Most of the pediatric diseases in the Volta Region were more prevalent during the dry seasons compared with the rainy seasons and resulting in seasonal patterns of hospitalizations. Conclusion. Although the frequently diagnosed pediatric diseases can be prevented and/or treated, many children are hospitalized, with a proportion of them dying. It is, therefore, important that efforts are made to reduce the burden of pediatric hospitalization.
Introduction
The levels and trends in child mortality report published by the United Nation International Children's Emergency Fund in 2017 indicated that about 7000 new born babies died every day in 2016. 1 The launch of the Global Millennium Development Goal 4 (MDG4) in the year 2000, which was aimed at reducing child mortality by two thirds in the period between 1990 and 2015, has led to reduction in child mortality and morbidity worldwide. Globally, pediatric mortality has declined from 90.6 deaths per 1000 live births in 1990 to 42.5 in 2015. 2 The World Bank report in 2016 has also shown that global child mortality rate declined by 56% from 93 deaths per 1000 live births to 41 deaths per 1000 live births. A previous report by the African Development Bank has shown that child mortality rate in sub-Saharan African (SSA) countries has declined from 174 deaths per 1000 live births in 1990 to 141 deaths per 1000 live births in 2010. 3 Also, the United Nation in Ghana has reported that the country has experienced a decline in child mortality rate from 155 deaths per 1000 live births in 1990 to 60 per 1000 live births in 2014, representing 58% reduction in child mortality. 4 Although much progress has been made to reduce global child mortality and morbidity, a great deal of effort is needed to achieve the MDG4, since a significant number of children still die before age 5. 2 Out of 6.3 million under-5 deaths recorded in 2013, 3.27 million were as a result of infectious diseases, with the occurrence of 2.76 million deaths within the neonatal period. 5 In SSA, about 1 in 13 children die before reaching age 5, whereas in developed countries, the ratio is 1 in 189. 1 Previous reports have shown that out of 10.8 million global child mortalities estimated in 2000, 41% occurred in SSA and 34% in Southeast Asia. 6 There have been changes in the patterns and levels of child mortality and morbidity across countries in the world; for instance, in 2013, global child mortality ranged from 2.3 to 152.5 per 1000 live births between Singapore and Guinea Bissau, respectively. 7 Malnutrition and frequent exposure to infectious agents have been strongly linked to child mortality. 1 In developing countries in Africa, 20% of children below 5 years are malnourished, 8 and coupled with exposure to disease-causing pathogens, the morbidity and mortality of children are significantly high. 6 Despite the existence of modern technologies and improved health care systems, children are still the most vulnerable to the leading causes of mortality, which are neonatal developmental disorders and infectious diseases. 9 A Child Health report published by the UN Inter-Agency Group for Child Mortality Estimation in 2013 indicated that pneumonia, preterm birth complications, intrapartumrelated complications, diarrhea, and malaria contributed 17%, 15%, 10%, 9%, and 7%, respectively, to child mortality and morbidity. 10 Africa is continuously burdened with under-5 deaths resulting from infectious diseases such as pneumonia, diarrhea, malaria, HIV, measles, and other causes. 11 Studies that have evaluated trends in child mortality and morbidity in Ghana suggest that malnutrition, malaria, diarrhea, pneumonia, HIV/AIDS, septicemia, measles, anemia, injuries, and neonatal disorders are the leading causes of death and morbidity among children. [12] [13] [14] However, these studies have been limited to 1 or 2 hospitals and do not give an extensive report of the trends of the causes of childhood morbidity and mortality. There is, therefore, the need for a more comprehensive evaluation that spans more study sites, to give a better estimate of the causes of childhood mortality and morbidity in Ghana. This study was designed to evaluate the leading causes of childhood morbidity in the Volta Region of Ghana.
Methods
Pediatric diagnoses data were obtained from 23 major hospitals across the Volta Region of Ghana. The health centers provide primary, secondary, and/or tertiary health care services, which include general and specialized medicine, surgery, dentistry, and radiology among other services. The Volta Region of Ghana stretches from the upper part of the country to the lower part ( Figure 1 ) and has different vegetation and climate zones. Transmission of major diseases such as malaria are influenced by vegetation and climate. [15] [16] [17] [18] The region was, therefore, separated into 3 main sectors based on geographical location, as well as climate and vegetation: Northern (savanna or Guinea savanna), Central (semideciduous forest zone and savanna woodland forest vegetation), and Southern (mangrove swamps, adjoining arid coastal plains, and coastal forest vegetation). 19 The patients considered for this study were children who were 5 years old and younger and were hospitalized in 1 of the 23 hospitals at the study site. The hospital diagnoses data from the records of the hospitals were analyzed to identify the frequently diagnosed disease conditions, and the conditions with more than 1000 patients were considered as frequently diagnosed pediatric conditions and selected for further analysis. The data for the study were obtained from the District Health Information Management System (DHIMS) II database in Microsoft Excel format and analyzed with IBM SPSS version 20 and GraphPad Prism 6. Frequency distribution, means, and percentages were used to compare the age groups, gender, hospitals, and hospitalization outcomes. Stacked column graphs were used to analyze the monthly distributions and pattern of hospitalization for the frequently diagnosed diseases. One-way analysis of variance and Tukey's multiple comparisons test were used to compare the yearly hospitalizations from 2012 to 2014 for all the frequently diagnosed diseases, and P values less than .05 (95% confidence level) were considered statistically significant.
Ethical Approval and Informed Consent
Ethical approval and informed consent were not needed for the study. This was because the study posed no known risk since the data collected were in the nonidentifiable form and the patients cannot be reidentified, and the data were part of the routine health services provided by the hospitals. The data sets used for the study were hospital records data that had nothing to do with patient identity or contact. In addition, administrative clearance was obtained from the Volta Regional Directorate of the Ghana Health Services to collect pediatric diagnoses data from 23 major hospitals across the Region.
Results
The study reviewed hospital diagnosis data from the DHIMS II database for 36 892 children aged 5 years and younger, who reported to the 23 hospitals in the Volta Region of Ghana (Table S1 , available online). Out of the 36 892 children, 20 158 were males and 16 734 were females (Table S2 , available online). We analyzed a total of 58 diagnosed diseases over the period of 3 years (2012-2014; Table S1 ). The frequently diagnosed diseases that resulted in at least 1000 hospitalization in the Region over the 3-year period were malaria, gastroenteritis, systemic infection, anemia, pneumonia, and respiratory tract infection (RTI), which sum up to a total of 31 838 hospitalizations (Table 1) . Out of the 31 838 hospitalizations, a total of 12 638 hospitalizations were recorded in Southern sector of the Volta Region, 14 402 in the Central sector, and 4798 in Northern sector (Table S3 , available online). There was a sharp increase in the number of hospitalizations from age 0 to 1 year, and a gradual decrease from age 1 to 5 years (Table S2) . Overall, the frequently diagnosed diseases contributed between 1.0% and 1.2% deaths in children of 5 years and younger in each of the 3 sectors in the Volta Region of Ghana (Table 1) .
There was no statistically significant difference in the yearly number of malaria cases diagnosed in the Northern and Central sectors across the 3 years investigated (Figure 2A and B) . However, the diagnosed malaria cases increased significantly from 2012 to 2014 in the Southern sector (P value of .0331), with 2014 recording the highest number of cases ( Figure 2C ). The first and fourth quarters of the years (dry seasons) had the highest number of malaria diagnoses in the Northern sector of the Volta Region ( Figure 2D ), whereas the second and third quarters (rainy season) had the highest number of malaria diagnoses in the Southern and Central sectors of the Region (Figure 2E and F).
The yearly analyses of the hospitalization data did not show any significant difference in the monthly average number of gastroenteritis from 2012 to 2014. Although there was no significance difference in the monthly averages, a trend was observed in that the Central and Southern sectors recorded the highest average number of cases in 2013 ( Figure 3A -C). There were higher number of gastroenteritis cases diagnosed in the dry season than in the wet season in the Northern sector of the Volta Region ( Figure 3D ), whereas the Central and Southern sectors had similar numbers in both seasons ( Figure 3E and F).
There was also no statistically significant difference in the monthly average number of systemic infection cases from 2012 to 2014 in the Northern sector of the Volta Region ( Figure 4A ), but the average number of cases recorded in the Central and Southern sectors in 2013 were significantly different (with P values of .0001 and .0002) for the Central and Southern sectors, respectively, when compared with the average number of cases in 2012 and 2014 ( Figure 4B and C) . There is relatively similar number of diagnosis of systemic infections in the Central and Southern sectors during both the dry and rainy seasons, but the diagnoses in the Northern sector increased and decreased in the dry and rainy seasons, respectively ( Figure 4D-F) .
The yearly analysis of the monthly average number of anemia cases showed no statistically significant differences in the 3 sectors ( Figure 5A-C) . The highest number of anemia cases were recorded between the second and third quarters of the year (rainy season) for all the 3 sectors ( Figure 5D-F) .
The monthly average number of pneumonia diagnoses did not show statistically significant difference from 2012 to 2014 in the Northern and Central sectors, but a significant difference was observed between 2012 and 2013 in the Southern sector with a P value of .01 ( Figure  6A -C). Even though the seasonality was not well defined, there were more diagnoses of pneumonia cases in the dry season than in the rainy season for all the 3 sectors in the Volta Region ( Figure 6D-F) .
There was no statistically significant difference in the monthly average number of diagnoses of RTI from 2012 to 2014 in all the 3 sectors ( Figure 7A-C) , and no clear seasonality pattern was observed for the diagnoses of the infection in the 3 sectors, even though there were higher diagnoses in the dry season in the Northern sector ( Figure 7D -F).
Discussion
Although improved health facilities and life-saving interventions are currently available in most parts of the world, the global burden of child mortality and morbidity remains a global concern. 20 Effective prevention and control of diseases rely on data on the disease trends, factors responsible for these trends, and how the disease trends vary across different regions. 21 However, the lack of common methods for data collection makes it difficult to evaluate disease burden. 22 Comprehensive reports on disease patterns and frequency are important in the control of diseases, as well as the decision-making and planning processes of health sectors of countries. 12 As such, our study sought to evaluate the pattern of frequently diagnosed morbidities responsible for pediatric hospitalization in the Volta Region of Ghana.
The data showed that the Southern sector of the Volta Region had a higher number of pediatric hospitalizations compared with the Central and Northern sectors of the region. The high number of hospitalizations in the Southern sector could be due to higher population density 23 and the presence of a greater number of hospitals compared with the other 2 sectors (Table S1) . 24 In addition, there are less rural dwellers in the Southern sector compared with the Central and Northern sectors, which reflected in the smaller rural to urban ratio recorded in the South. 23 The health care-seeking behavior of Ghanaians has been found to be tightly shaped by the level of education of individuals. 25 This implies that urban dwellers of the Southern sector are likely to report to hospitals more frequently than their rural counterparts of the Central and Northern sectors, who tend to resort to traditional medicine. This is in line with a study that found that low-income households as well as individuals with low level of education often adopt alternative medicine to cater for their health needs. 26 From our analysis, the number of hospitalizations decreased with increasing age, with children aged 1 year having the highest number of hospitalizations compared with other age groups. The low number of hospitalizations in children below the age of 1 year could be due to passive immunity conferred on them by their mothers, and children aged more than 1 year gradually develops acquired immunity to infections, and this could account for the reduction in the number of hospitalizations with increasing age. 27 Malaria was the most diagnosed disease among children hospitalized in the hospitals used in this study between 2012 and 2014, and this observation was consistent with recent reports on the burden of the disease. 28 Among children less than 5 years globally, malaria mortality has reduced from 14.4% to 0.6% between the years 2000 and 2012. 29 In Ghana, there has been a general reduction in malaria reported cases for all ages from about 50% in 2012 to 20.4% in 2016 28, 30 ; however, the pediatric diagnoses in the Volta Region of Ghana, which is reported in this study, suggest otherwise. Although there was no significant difference in the yearly malaria cases recorded from 2012 to 2014 in Northern and Central parts of the Volta Region, there was a statistically significant increase in the number of malaria cases within the same period in the Southern sector of the Region. There are 2 major malaria transmission seasons in Ghana, high and low, which corresponds to the rainy and dry seasons, respectively. 31 In our current study, however, the Northern sector, which has savanna vegetation, 32 reported higher number of malaria cases in dry seasons compared with raining seasons. A different trend was, however, observed in the Central and Southern sectors 32 where higher malaria cases were reported in the raining seasons.
Gastroenteritis was the second most common cause of hospitalization among children from the Volta Region. This corroborates with a study that indicated that diarrheal diseases constitute a large proportion of the childhood morbidity and mortality in resource-poor areas. 33 There was, however, no statistically significant difference between the yearly gastroenteritis cases record from 2012 to 2014, although analysis of the monthly distribution revealed an increase in reported cases during the dry seasons. Similar findings of increased gastroenteritis in the dry season have been reported in Navrongo, Ghana, 34 and Ouagadougou, Burkina Faso. 35 The increase in the number of gastroenteritis diagnosed during the dry seasons is probably due to rotavirus infection, which have been shown to peak in the dry season. 35, 36 A significantly higher number of systemic infections were recorded in the Central and Southern parts of the Volta Region in 2013 compared with 2012 and 2014. Majority of the systemic infections were diagnosed as sepsis, bacteremia, shigellosis, and salmonella infections. In a study that was conducted in Ghana, Staphylococcus epidermidis was identified as the most common isolate in culture-proven sepsis, with a prevalence of 17.3%. 37 In other studies, however, nontyphoid salmonellae were identified as the most frequent systemic infections followed by Streptococcus aureus and Streptococcus pneumoniae. 38, 39 The high number of systemic infection cases during the dry seasons compared with wet seasons may be due to frequent exposure of children to pathogens during dry seasons. 40, 41 Anemia in children continue to be a major public health disease 42 ; and from this study, it is the fourth most commonly diagnosed condition in childhood hospitalization in the Volta Region of Ghana, occurring all year round in the Northern sector but seasonal in the Central and Southern sectors. A major cause of anemia in Ghana is poor nutrition, 43 and the Northern sector of the Volta Region is inhabited by poor rural dwellers who often have nutritional problems, 23 and hence the all year round report of anemia in this sector. The seasonality observed in the diagnoses of anemia in the Central and Southern sectors might be due to malaria cases reported during the 2 different malaria transmission seasons (high and low) in Ghana. Malaria has been shown to strongly correlate with the burden of anemia 44 and supports the patterns of malaria and anemia in the Central and Southern sectors in our study.
Pneumonia and RTI have previously been reported as leading causes of under-5 mortality and morbidity globally 45 and in Ghana, 46 which is in line with findings of this study. Majority of the 2 diseases were diagnosed in the first and second quarters of the year in the Northern part of the Region, whereas majority of the cases were diagnosed in the third and fourth quarters of the year in the Central and Southern parts of the Volta Region. Similar to the Central and Southern parts of the Volta Region, the Greater Accra Region (found at the coastal belt of Ghana) had higher RTI reported cases during the mid-wet season (June to December), which appears to be the period of seasonal circulation of human respiratory syncytial virus. 47 Although the management and treatment of pediatric diseases in Ghana is largely effective, there are still modest efforts by the Ministry of Health to improve the quality of health care delivery in the country. 48, 49 It is encouraging to note that the two most frequently diagnosed pediatric diseases, malaria and gastroenteritis, had the lowest percentage mortality.
Conclusion
In summary, the frequently diagnosed pediatric disease in the Volta Region of Ghana were identified as malaria, gastroenteritis, systemic infection, anemia, pneumonia, and RTI. There was an increase in the number of malariadiagnosed cases from 2012 to 2014 in the Southern sector of the Volta Region, which was contrary to what has been observed globally. A seasonal pattern of gastroenteritis hospitalization was found in the Region, with majority of the cases recorded in the dry seasons. In the year 2013, there was a significant increase in the number of systemic infections in the Central and Southern Volta compared with 2012 and 2014 with the highest number of hospitalizations recorded in the dry season.
The study results indicated that most children are hospitalized during the dry season and suggesting seasonal trends that can be exploited to fight pediatric morbidity and mortality. The pattern of pediatric hospitalizations in the Northern sector of the Volta Region were different from the patterns observed in the Central and Southern sectors of the Region. The data from this study suggest that even though there may be general global or national trends in diseases that cause childhood mortality, peculiar disease information within smaller geographical locations are needed for the implementation of specific interventions. 
